INTRODUCTION
Multimodality imaging using positron emission tomography/computed tomography (PET/CT) has become a valuable tool in noninvasive cardiac imaging, 1 including the quantitative measurements of myocardial blood flow, coronary flow reserve and tissue viability. 2 Moreover, with the spatial resolution improvements in recent commercial PET/CT systems, new areas of research in PET cardiovascular imaging, such as the discrimination between subendocardial and subepicardial blood flow, 3 have become possible. However, the cardiac PET image resolution is significantly degraded due to the combination of physiological cardiac and respiratory motion. 4 Within this context, coronary arteries have been shown to move 8-23 mm during the cardiac cycle, 5 whereas the motion of the heart and coronaries due to respiration ranges between 5 and 9 mm. 6 Therefore, in order to improve the qualitative and quantitative accuracy of cardiac PET images, techniques to account or compensate for both respiratory and cardiac motion are necessary.
The first proposed solution to overcome this issue is to synchronise the PET acquisition either with cardiac beating using electrocardiogram (ECG) signal 7 or with respiration. 8 More recently, dual-gated acquisitions simultaneously synchronised with cardiac beating and respiration were shown to be feasible in both preclinical and clinical PET/CT cardiac imaging. [9] [10] [11] [12] Although dual-gating may lead to compensation of both respiratory and cardiac motion, the gated PET images suffer from poor signal to noise ratio as a result of using only part of the counts available throughout a PET acquisition. 13 Based on the use of respiratory gating only, different authors have attempted to correct for the effects of respiratory motion in cardiac PET imaging through the use of either a rigid body transformation of list mode PET datasets 14 or through tracking of the centre of mass in single photon emission tomography projections. 15 In this work, eight respiratory gates were shown to be optimal for amplitude-based rebinning of the respiratory-gated cardiac PET data. 16 Nevertheless, the motion due to respiration is not uniform across the left ventricle. 17 To account for this observation, the use of an elastic deformation algorithm has been proposed to realign individual gated frames. The resulting deformed gated images can be subsequently summed together into one respiratoryfree image making this way use of all available data. [18] [19] [20] However, summing individual gated frames following their reconstruction leads to inferior quality images than the incorporation of such deformations into the reconstruction process, particularly in the case of iterative reconstruction algorithms which have become a standard in current clinical practice. [21] [22] [23] To the best of our knowledge, for cardiac applications, the incorporation of the motion compensation model into the reconstruction process has only been studied for respiratory motion correction using a rigid model, 14 but the incorporation of a nonrigid motion model for the dual correction of respiration and cardiac beating has yet to be explored. Moreover, the best strategy to account for both respiratory and cardiac motion, having acquired dual gated cardiac PET data, has never been clearly assessed before, given that no previous publication has compared different rebinning protocols in association with different motion compensation models. Therefore, there is a need for the development of methodology to optimally take into account both respiratory and cardiac motion information between individual gated frames in order to reconstruct one motion-free image using all or most of the acquired data.
The main objective of this work was to compare four different approaches of combining dual-gated cardiac PET acquisitions in order to correct for both cardiac beating and respiratory motion without compromising overall image quality. Secondary objectives included (a) a comparison of affine and nonrigid motion modelling integrated during the reconstruction process, (b) differentiate the cardiac and respiratory motion effects in order to study the impact of the cardiac beating to the respiratory motion parameter estimation, and (c) identify the best strategy to reconstruct motion free cardiac images within the context of either compensation for respiration only or simultaneous correction for respiration and cardiac beating effects. In order to realise all these objectives both simulated and patient datasets were used.
MATERIALS AND METHODS

2.A. Patients datasets
The study was initiated after protocol approval by the local ethics committee. Patients were enrolled after signing a written consent. This study includes the analysis of seven patients. Six patients were acquired on a Siemens Biograph Sensation 16 and one patient on a GE Discovery RX combined PET/CT scanners. Patients received an intravenous injection of 4 MBq/kg of 18 F-FDG, followed by a rest period of approximately 60 min (mean detected counts = 360 ± 26 × 10 6 coincidences). Patients were then installed on the scanner bed, in the supine position, arms raised above the head. The patients have been asked to breath normally and regularly without any further instructions.
Both scanners were capable of a double gating mode acquisition performed in list-mode format. An ECG device was used to provide the cardiac motion triggers registered within the acquired list-mode file. The real-time position management system (RPM; Varian Medical Systems) and the Anzai belt system provided the gating respiratory trace for the Discovery RX and the Biograph PET/CT systems, respectively. For the GE scanner, an initial CT acquisition in 4D cine mode was performed at the beginning of the exam (80 kV, 10 mA, rotation speed of 0.5 s, interval between each cine image of 0.45 s, total reconstruction angle of 360
• ). For the Siemens scanner, a single CT image was acquired while the patient was instructed to maintain a shallow breathing. This initial CT was acquired over the cardiac region, in order to cover the equivalent of one PET field of view centered on the heart. This CT acquisition was followed by a 4D PET acquisition, carried out in synchronized dual gating mode using the ECG and the RPM/Anzai based systems, with a duration of 8 and 20 min per field of view for the GE and the Siemens PET/CT scanners, respectively. A single axial PET field of view covering the whole of the heart was acquired for each patient.
2.B. Simulated datasets
The digital nonuniform rational B-splines based 4D cardiac-torso phantom (NCAT) was used in the simulation of PET cardiac and respiratory dual-gated acquisitions. 26 Normal FDG activity levels, based on data from clinical studies, 27 were attributed to the organs of the thoracic field (450 × 10 6 simulated coincidences, consistent with the patients' datasets), while a myocardium to cavity ratio of 3 to 1 was used. Fifty emission images and corresponding attenuation maps were produced, corresponding to 100 ms considering a normal respiratory cycle of 5s and a cardiac cycle of 1s. The model of a clinical PET system 28 developed with GATE (Geant4 Application for Tomographic Emission) 29 was combined with the 50 generated NCAT phantom frames in order to simulate dynamic emission acquisitions in list mode data format. The attenuation images were also integrated in order to simulate the effects of attenuation. The respiratory trace used in the simulation was derived from corresponding patient measurements. Three cycles were considered to model different patterns of irregularity observed clinically both in terms of amplitude and phase (Fig. 1) . The three cycles were repeated to cover the duration of the entire simulated acquisition and the corresponding trace was saved for subsequent respiratory binning based on the signal amplitude. The ECG triggers corresponding to the R wave of a standard cardiac cycle of 1s were also inserted into the simulated list-mode datasets. 
2.C. Rebinning of PET list-mode files
Both simulated and clinical datasets were binned considering eight amplitude respiratory bins based on previous work by Dawood et al. showing this to be the optimum respiration based binning scheme for cardiac PET imaging. 16, 30 These respiratory gates were subsequently combined with different cardiac binning schemes in order from one hand to differentiate cardiac and respiratory motion effects while on the other to study the impact of cardiac beating to the respiratory motion parameter estimation. Two different cardiac binning schemes were considered, namely, four and six bins, motivated by previous work from Teras and colleagues in dual gated cardiac PET imaging. 10 The different correction schemes were as follows:
Scheme 1: A standard respiratory gated PET acquisition was considered without gating for cardiac motion. The eight respiratory gated datasets were subsequently combined using an affine and elastic registration algorithm (see Sec. 2.D below). The first gated image corresponding to full expiration was considered as the reference image. Scheme 2: During diastole, the heart beating is reduced and the shape of the heart is almost fixed. To take advantage of this, only the diastole (45%-80% phase of the cardiac cycle) for each respiratory phase was considered in this second scheme. The resulting gated images, corresponding to one 8th of the respiratory cycle and to the diastolic cardiac beating phase, are of poor quality as they comprise only ∼5% of the total acquired statistics but present the advantage of accounting for both cardiac and respiratory motion effects. The corresponding eight respiratory gated datasets were finally reconstructed using the same affine and elastic registration algorithms. The first gated image corresponding to full expiration was considered as the reference image. Scheme 3 and 4: Four and six cardiac bins (Scheme 3 and 4, respectively) and eight respiratory bins were considered independently. The first gated image corresponding to full expiration and the beginning of the systole phase after the R-wave was considered as the reference image. All of the other gated bins were registered with respect to this reference image, using either the affine or elastic registration algorithm. In this case, both cardiac and respiratory motion is accounted for in addition to making use of all acquired data.
2.D. Image registration strategies
The registration used in the four schemes mentioned in Sec. 2.C was performed considering both affine and elastic (nonrigid) deformation approaches. The affine registration process was based on maximizing the normalized mutual information 31 using a least square error metric. The gated PET images were registered using the affine transformation, and the derived affine transformation parameters were subsequently applied to the whole acquired FOV. The elastic deformation parameters were computed using a frame-to-frame nonrigid registration technique considering the complete images' sequence. The key feature of the method was the use of an analytical representation of the displacement based on a semilocal parametric model of the deformation using Bsplines. 32 This deformation approach was previously evaluated and optimised within the context of PET imaging. 33, 34 
2.E. Motion compensation reconstruction
The "One pass list mode -Expectation Maximisation" (OPL-EM) reconstruction algorithm was adapted to incorporate motion compensation based on the use of either affine or elastic motion modeling. In its standard version, the OPL-EM algorithm is expressed as follows:
where
is the expected count in LOR i, p ij is a purely geometric term representing the geometric probability of detecting at LOR i an event generated in voxel j, f j is the intensity of voxel j, J is the total number of voxels, s j is the voxel j of the sensitivity image including the normalisation and attenuation corrections, and K is the number of time-subsets. k is both the iteration number and the subset used in that iteration. T k is the set of list mode events in the kth subset.
Considering the use of the affine model, the derived affine transformation parameters were directly applied to the detected LORs during the reconstruction process. The new coordinates for each corrected LOR were subsequently considered during the OPL-EM reconstruction algorithm. 36 The elastic motion correction was integrated as previously proposed within the PET reconstruction system matrix. The system matrix P, whose elements p ij represent the geometric probability of detecting at LOR i an event generated in voxel j [see Eq. (1)] is modified to incorporate the elastic deformation D t of the radioactive distribution from time t to the reference time. The modified system matrix P t can be expressed as P t = P .D t . The list-mode reconstruction algorithm OPL-EM, given by Eq. (1), is therefore modified as previously described in Ref. 34 :
where .
T is the transpose operator, and N frames is the number of temporal gated frames.
Moreover, for both the affine and elastic models, the sensitivity image S used to correct for attenuation and normalisation was equally modified to take into account the transformations related to the motion compensation step. 34, 36 The sensitivity image S is computed as follows:
where N and A are the normalisation and attenuation terms of each LOR, respectively, and μ is the linear attenuation coefficient at the energy of 511 keV derived from the acquired CT image. 37 Regarding the attenuation correction of the PET data, for the GE Discovery RX scanner, a time-averaged CT (ACT) image was calculated by averaging the images of the acquired cine CT series. [38] [39] [40] The resulting ACT image was used to correct for attenuation the respiratory average PET image (Uncorrected image), while the corresponding image of the cine CT series was used to correct the Reference gated frame and the motion compensated images (Affine and Elastic corrected images). For the Siemens PET/CT system, given that no 4D CT acquisitions were possible, a slow helical CT (HCT) acquisition was performed as previously proposed. [40] [41] [42] To reduce the potential of any attenuation correction induced artefacts, the position of the heart between the attenuation corrected PET and HCT images was also visually assessed. 41 Finally in this work no corrections were performed for scatter and random coincidences.
2.F. Image analysis
Five different reconstructions were considered:
r For each of the four schemes, the reconstructed image of the reference gated frame was chosen as the reference image (Reference image).
r For the digital NCAT phantom, a static image was also acquired considering the same statistics as the uncorrected image but free of any respiratory or cardiac motion (Static image).
r For each of the four schemes, all the temporal frames were summed without any transformation and reconstructed (Uncorrected image).
r The affine registration parameters were considered when reconstructing the corresponding list-mode files to correct each detected LOR for respiratory motion 36 (Affine corrected image).
r The elastic transformation fields were included during the reconstruction of the corresponding list-mode datasets 34 (Elastic corrected image).
Images of 150 × 150 × 47 (voxel size of 3.25 × 3.25 × 3.27 mm 3 ) were obtained for both the NCAT phantom and the human studies. A total of 7 iterations and 7 subsets were found to be optimum for the reconstruction of the images.
In order to quantify motion compensation, the motion corrected images using the affine and elastic models were compared to the Reference image or the Static image in the case of the digital NCAT phantom, as well as to the respiratory average image (Uncorrected).
2.F.1. Activity concentration recovery
Reconstructed images were resliced into short-axis images in an orientation perpendicular to the long axis of the left ventricle. Sixteen regions of interest (ROIs), corresponding to the areas of distribution of the three major coronary arteries, were drawn within the left ventricular myocardium on ten consecutive image planes, according to the recommendations of the American Society of Echocardiography. 43 Average count densities were subsequently derived for each of the sixteen segments. The relative difference (RD) 34 of the count density was computed for each of the sixteen ROIs in order to quantify the recovery of the measured activity concentration compare to the single reference frame after the application of the affine or elastic transformation model. The RD is computed as
where the variable Evaluated corresponds either to the Affine corrected or the Elastic corrected image. To account for the reduced statistics of the gated Reference image, RD was normalised for the number of bins (8 bins for Schemes 1 and 2, 24 bins and 48 bins for Schemes 3 and 4, respectively) and expressed as a percentage.
2.F.2. Contrast and signal to noise ratios
A circular ROI was drawn in the middle of the left ventricular cavity in four consecutive planes of the short axis images in order to compute the contrast and signal-to-noise (SNR) ratios. The inner and outer edges of the left ventricular myocardium were manually determined on the Reference and Uncorrected PET images allowing the computation of the mean activity concentration in the myocardium. The SNR was computed as the ratio of the mean activity concentration within the myocardium over the standard deviation in the left ventricle, while the contrast ratio was computed as the ratio of the mean activity concentration within the myocardium over the mean activity concentration in the left ventricle.
2.F.3. Coefficient of variation
Image noise was estimated using the coefficient of variation (COV) defined as the ratio of the standard deviation over the mean value in the myocardium. The COV was also expressed as a percentage.
2.F.4. Myocardium wall thickness
Finally, profiles were drawn across the lateral wall of the myocardium in the short-axis images in order to semiquantitatively assess the performance in terms of myocardial wall thickness changes. These profiles were subsequently fitted with a Gaussian function in order to derive the full width at half maximum (FWHM), representing the myocardial thickness.
2.G. Statistical analysis
The nonparametric Mann-Whitney U test was conducted on the seven patient datasets to evaluate the difference in performance between the two transformation models (affine and elastic) for each of the four different data rebinning schemes considered in this study. Moreover, for each of the two transformation models, the nonparametric Kruskall-Wallis test was used to test the difference between the four rebinning schemes. A post-hoc test was performed using Mann-Whitney tests with Bonferroni correction to account for Type 1 errors. Figure 2 shows the elastic and affine transformation based motion compensated images obtained for the digital NCAT phantom. The results in comparison to the static image and the respiration average image have been assessed both qualitatively and semiquantitatively. Profiles were drawn across the heart in the reconstructed images in order to semiquantitatively assess the performance in terms of the myocardium wall repositioning. Figure 3 shows the profile along the Z direction in the respiratory corrected images compared with the reference and uncorrected images. Figure 4 demonstrates the results in terms of contrast ratio, SNR, and COV for the simulated datasets. Independently of the scheme considered, the elastic approach consistently achieved a superior performance compared to the affine method, with a SNR increase relative to the uncorrected image ranging from 0%-35.5% and 38.5%-100% for the affine and elastic model based corrections, respectively [ Fig. 4(b) ]. The contrast ratio in the elastic corrected images was close to that of the static image resulting in a contrast recovery range of 82%-100%, while with the affine approach the contrast remained close to that of the uncorrected image (max increase of 15% relative to the uncorrected image) [ Fig. 4(a) ].
RESULTS
3.A. Simulated datasets
The myocardium in the uncorrected images was found to be on average 16% and 12% thicker than in the reference gated frame for Schemes 1 and 2, respectively (Table I) . For the two other schemes, the observed myocardium thickness increase was 28% on average. After motion correction, this difference was reduced to 1%-5% irrespective of the transformation model for the first two schemes. However, when considering the use of the complete dual gated datasets and simultaneous correction of both respiratory and cardiac motion (Schemes 3 and 4), the affine approach did not improve the myocardial thickness differences relative to the uncorrected image, while the elastic motion model led to a similar performance (difference reduction of 10% and 3% for Schemes 3 and 4, respectively).
3.B. Patient datasets
A representative patient example of the resulting motion compensated images is shown in Fig. 5 . For all patients, a quantitative analysis of the measured activity concentration in the corrected images using the affine and elastic motion models was performed. Figure 6 represents the relative difference in terms of activity concentration between the compensated and the reference gated images considering the four schemes studied (see Sec. 2). When compensating for respiration only, the two transformation models achieved comparable performance with a relative difference in the whole heart of (84.68 ± 8.08)% and (87.46 ± 10.44)% for Schemes 1 and 2, respectively, for the elastic approach and (78.77 ± 8.50)% and (83.99 ± 12.79)%, respectively, for the affine method (for Scheme 1, p = 0.025, Table II ). For the two other schemes, when trying to correct for both respiratory motion and cardiac beating, it is worth noting that the elastic model led to superior results compared to the affine approach, with statistically significant relative differences of (101.95 ± 9.07)% (Scheme 3) and (104.89 ± 9.44)% (Scheme 4) compared to (80.91 ± 13.24)% (Scheme 3) and (91.13 ± 14.98)% (Scheme 4) for the elastic and affine motion models, respectively (p = 0.002 and p = 0.006 for Schemes 3 and 4, respectively, Table II ). Finally, Fig. 7 demonstrates that, similarly to the simulated dataset results, the correction approach based on the elastic motion model led to superior SNR, contrast, and COV for all four motion compensation strategies considered. Similarly, the increase of the myocardium wall thickness measured in the uncorrected in comparison to the reference gated frame was significantly reduced (p = 0.048) when using the elastic motion model compared to the affine approach, especially for Schemes 3 and 4 concerning the simultaneous correction for respiration and cardiac beating (Table III) .
For the affine model, irrespectively of the quantitative parameter investigated, no significant difference was observed between the four rebinning schemes (Table IV) . Similarly, for the elastic model, no significant difference was measured, except for the RD of the activity concentration. For the elastic model, the post-hoc analysis of the multiple pairwise comparisons for RD (Fig. 8 ) revealed significant differences between the RD values achieved with Schemes 1 and 3, Schemes 1 and 4, and Schemes 2 and 4 (p = 0.007, 0.002, and 0.007, respectively).
In terms of execution time, the computation speed of the affine and elastic registration models were comparable. For instance the registration of the eight images of the dynamic series for Scheme 1 requires 95 and 90 min for the affine and elastic registration models, respectively, on a Intel Xeon 2.66 GHz, 12Go of RAM memory. Once computed, the integration of either affine or elastic transformations inside the reconstruction process is negligible and does not significantly increase the overall reconstruction computational time.
It is finally worth noting that the results for the patient whose images were acquired on the GE Discovery RX system were comparable to those obtained for the six other patients scanned on the Siemens Biograph Sensation 16 and well within the min-max range of the different results computed over all patients.
DISCUSSION
Solutions that have been proposed to date for taking into account the effects of cardiac and respiratory motion in PET/CT imaging concentrate on the acquisition of respiration and ECG synchronised PET and CT datasets. Despite leading to gated PET images reasonably free of respiration artefacts, the resulting individual frame images are of reduced statistical quality as they contain only a fraction of the counts available throughout a PET acquisition. 13 To compensate for motion, the individual gated frames can be coregistered and subsequently summed together into one motionfree image making this way use of all available data. [18] [19] [20] However, this type of postprocessing of the gated frames has been shown to lead to inferior quality images compared to the incorporation of such deformations into the reconstruction process. [21] [22] [23] Therefore, the need still exists for the development of correction methodologies, making use of the gated datasets, in order to obtain respiration and cardiac beating free PET cardiac images using all available data. Our objective in this study has been to evaluate different ways of combining binned data in order to maximise the acquired data use and identify the best strategy to reduce the deleterious effects of motion in cardiac images by implementing an affine or nonrigid transformation during the reconstruction process of dual synchronised PET cardiac acquisitions.
For the combination of the dual-gated binned PET data, two main strategies were considered in this study aiming at either compensating for respiration only or at the more challenging simultaneous correction of cardiac beating and respiration. Within both correction strategies considered eight amplitude based respiratory bins were used, having previously been shown as the optimum configuration. 16 These respiratory bins were combined, with either the whole cardiac cycle or the diastolic phase in the first correction scheme, while in the second with either four or six cardiac bins. For the two motion models compared in this study (affine and elastic), a single axial PET field of view centered on the heart was considered for the derivation of the transformation parameters used in the correction process.
Considering the correction of respiratory motion effects only, the elastic deformation approach achieved significant 
and transformation model, the result is the average value over the 16 segments whose values are detailed in Fig. 6 . p value refers to the comparison between affine and elastic models. myocardium contrast increase (>25%) relative to the uncorrected images. On the other hand, the SNR increase in comparison to the uncorrected images was only moderate and never equivalent to that observed in the corresponding static images. Although the elastic model achieved slightly better performance in terms of contrast, SNR, and COV compared to the affine model, there were no statistically significant differences between any of the two cardiac rebinning schemes considered (Schemes 1 and 2), irrespective of the motion model used in the correction process. Similarly, both affine and elastic based motion models led to an accurate myocardium repositioning and resizing relative to that of the reference gated images. In terms of the cardiac cycles, keeping only the diastolic phase reduced overall myocardium count density by Wall thickness of the myocardium measured in the reconstructed patients' images computed before and after the application of the affine and elastic transformations determined through registration of the patients' gated PET images, for the four schemes studied. p value refers to the comparison between affine and elastic models. More specifically, this latter approach may be easier to implement clinically, leading to smaller but still significant improvements in cardiac image quality. Finally, when one is aiming at correcting for both respiratory and cardiac motion using all of the available statistics, with four or six cardiac bins in combination with eight respiratory bins, the repositioning of the myocardial walls relative to the position in the reference image was more accurate using the nonrigid motion model compared to the affine model. Similarly, the reduction of the myocardium thickness in the motion corrected image was more significant, resulting in values closer to the thickness measured in the reference gate when using the elastic model (overall max difference <10%). In this context, given the global nature of the affine motion model, it was not capable of accurately modelling the heart motion resulting in poor performance in terms of motion com- (Table IV) .
pensation. For both digital phantom and human studies, the increase of the contrast and SNR achieved by the affine model were limited with a maximum increase of 20% and 35%, respectively. In contrast, the better myocardium repositioning and resizing achieved by the elastic model was associated with a superior contrast and SNR, for both simulated and clinical studies considered (increases ranging from 95%-100% and 65%-100% for contrast and SNR, respectively). For the elastic model, significant differences were observed between the RD values achieved with Schemes 1 and 3, Schemes 1 and 4, and Schemes 2 and 4, demonstrating the superior performance associated with the elastic model when compensating for both cardiac and respiratory motion in comparison with respiratory motion compensation only. Moreover, with the elastic model based correction a higher SNR, slightly lower COV and similar contrast ratio were obtained with four cardiac bins in comparison to six cardiac bins. The reduction of the statistics in each individual bin, induced by the use of a greater number of cardiac bins, resulted in poor quality gated images and consequently in a degrading performance of the registration approach. This suggests that the use of four cardiac and eight respiratory bins represents the best choice for a combined respiration and cardiac beating compensation. One of the limitations of the present study is the number of patients considered. On the other hand, the results and associated conclusions using the clinical patient datasets were similar to what was observed in the simulated anthropomorphic studies included in this work. The next step would be to confirm in a prospective study our conclusions concerning the superior efficacy of nonrigid motion modelling in combination with the optimum number of cardiac and respiratory bins for motion free PET cardiac imaging. Future work will also include the development of methodologies to account for random and scatter coincidences in motion corrected dual-gated PET datasets. This should be straightforward given the uniform distribution of random coincidences which should not be significantly affected by the presence of motion. In the case of scatter coincidences one may consider correcting individual gated frames prior to their combination in the image based solution, while in the case of the reconstruction incorporated correction the 4D attenuation maps will have to be used in the scatter estimation. Finally, one will have to consider other radiopharmaceuticals than FDG, with the clinical evaluation of the proposed methodology extended to tracers such as 82 Rb or 13 N-Ammonia, which represent the vast majority of cardiac PET nowadays. 44, 45 The short decay time of these tracers (76 s and 9.96 min for 82 Rb and 13 N, respectively) implies higher injected activities (900-1850MBq for 82 Rb and ∼900MBq for 13 N-Ammonia). However, the acquisition times (6 min for 82 Rb and 10 min for 13 N-Ammonia) remain similar to the FDG acquisitions, which means that the proposed dual-gating correction methodology proposed in this work should be equally applicable to these other tracers.
CONCLUSIONS
This study demonstrates the feasibility of correcting for both cardiac and respiratory motion in PET/CT cardiac imaging. The proposed methodology is based on the application of either an affine or an elastic transformation based motion model during the reconstruction process of gated PET datasets. In both cases one single motion free image is reconstructed from a double cardiac and respiratory gated acquisition. Regardless of the considered motion compensation strategy, a nonrigid motion model performs better than an affine model, leading to a higher SNR and contrast as well as a lower COV. Nevertheless, when willing to compensate for respiratory motion effects only, both affine and elastic based approaches lead to an accurate myocardium resizing and positioning. On the one hand, the use of an affine model based respiratory motion correction in combination with the use of the diastolic phase leads to substantial improvements in clinical cardiac PET image quality. On the other hand, correction of cardiac motion should ideally use a more complex method based on a nonrigid motion compensation model that combines all cardiac bins acquired within a set of respiratory gated data. In this case, four cardiac and eight amplitude respiratory bins seem to be optimum for the correction process.
